or counters. However, none of these have given definite evidence of a double /?-decay, except the mass spectroscopic studies on the 130 We have planned to determine the half-lives of as many possibly double /^-decaying nuclei as possible by means of advanced mass spectrometric methods and to find the energy dependence of the half-life. In previous reports 20 ' 21 the half-life of the 130 Te has been studied preliminarily as part of the program using tellurium ores. In the work reported here the amount of 130 Xe was measured again by the isotope dilution method in order to improve the accuracy of the half-life determination. At the same time the abundance ratios of the xenon isotopes, extracted from tellurium ores taken from the same mine, were also measured to investigate excesses of xenon isotopes other than 130 Xe.
Experimental Procedures and Results
The mass spectrometer 22 used in the experiment is of the 90° deflection, single focusing type with a 20 cm radius. A 12-stage electron multiplier 23 of Cu-Be electrodes is used as a detector of ion currents, along with a vibrating-reed electrometer and an electronic recorder. At present, the detection limit for xenon is of the order of 10 -13 ccSTP under static operation.
The extraction system and purification procedure was the same as described in the previous reports 20 ' 21 , except that a titanium sponge was substituted for the calcium getter.
The four samples used in the experiments were tellurium ores taken from the Oya gold mine in Japan. They had been deposited as tetradymite Bi2Te2S in quartz veins embedded in the granite mass of the mine. The samples were prepared by finely crushing the quartz veins and separating the fraction of the tellurium minerals. The tellurium concentration was determined by a gravimetric analysis after extraction of the Xe. The age of the Prior to the extraction, the samples were heated at about 300 °C for several hours to drive out contaminating gases. Then the furnace temperature was gradually raised to about 1100 °C for about 3 hours. For the determination of the amount of 130 Xe a 128 Xe spike was added at the beginning of the extraction procedure. The 128 Xe used was produced by neutronbombardment of potassium iodide in a nuclear reactor. The amount of the 128 Xe spike was determined as described in the previous reports 20 ' 21 , by the isotope dilution using atmospheric xenon, the amount of which was calculated from the volume of the spike ampoule and the pressure of the xenon as measured with a KNUDSEN gauge. The amounts of 128 Xe spikes used are shown in Tab. 2. Purification of the extracted gases was carried out with a dry-ice trap, titanium sponge at 700 -900 °C, a hot tungsten filament and a hot titanium filament. The purified gases were adsorbed on charcoal at liquid nitrogen temperature and then sealed up in a sample ampoule. The final purification was carried out with a hot tungsten filament and a hot titanium filament in the sample ampoule.
In mass spectrometric analysis of such extremely small amounts of xenon, it is most important and most difficult to remove the background of the apparatus in the xenon mass region. It was especially painstaking work to reduce a persistent memory effect for xenon in the mass spectrometer under static operation. But this effect could gradually be reduced by baking the mass spectrometer at about 150 °C and by bombarding the inner surface of the apparatus with intense beams of neon for a long time. An elevated pressure in the mass spectrometer always caused an increase of the memory effect for xenon. Usually the amount of argon contained in the ore is several orders of magnitude higher than that of xenon. As the introduction into the mass spectrometer of this argon always caused a considerable increase of the memory effect for xenon, the argon was separated from the xenon in the gas inlet part of the mass spectrometer by cooling a glass tube attached to that part at liquid nitrogen temperature, and by adsorbing the xenon on the glass tube while pumping out the argon sufficiently. Then An example of the mass spectrum of the mixture of the extracted xenon and the 128 Xe spike, and another example for the extracted xenon without the 128 Xe spike, are shown in Fig. 2 , together with the backgrounds of the mass spectrometer. On the assumption that 132 Xe was due entirely to contamination by atmospheric xenon, the excess over the atmospheric xenon isotopes was obtained for each sample. Tab. 1 shows the isotopic compositions of the sample xenon and the atmospheric xenon normalized to 132 Xe, and the difference between them. As shown in Tab. 2, the amount of the excess 130 
where NP is the number of parent nuclei 130 Te; N& the number of daughter nuclei 130 Xe; and t the time interval for which the decay products accumulated in the ore. NV was calculated from the tellurium concentration in the ore and the isotopic abundance of 130 Te. t was estimated to be (9.06 ± 0.29) x 10 7 years, i. e. it was taken to be the same as the K-Ar age of coexisting porphyrite. The experimental results involved in the half-life estimation are summarized in Tab. 2 together with the previous results 20 ' 21 . The calculated half-life was (8.20 ± 0.64) x 10 20 years on the average.
Discussion
The reasons why the excess 130 Xe was considered to be due entirely to the 130 Xenon purified from a small amount of atmosphere by the same purifica tion procedure as applied to the sample xenon. Xenon purified from a small amount of atmosphere by the same purifica tion procedure as applied to the sample xenon. " Xenon purified from a small amount of atmosphere by the same purification procedure as applied to the sample xenon. (1) xenon (2) (1) and (2) Xenon purified from a small amount of atmosphere by the same purification procedure as applied to the sample xenon. Fig. 3 , the xenon extracted from the tellurium ores shows the large excess of 130 Xe, but the xenon from the quartz vein does not (Fig. 4) . These facts suggest that the excess of 130 Xe is closely related to Te, Bi and S included in the tellurium mineral. However, it is not known that some other processes, involving Bi and S, contribute significantly to 130 Xe. Also 130 Xe cannot be produced by the neutron capture of tellurium. So it is held that the excess of 130 Xe was due to the decay of 130 Te. However, since the successive single /?-decay of 130 Te through 130 I is energetically forbidden judging from the latest mass data 1 , it may be concluded that the major part of the excess of 130 Xe originated from 130 Te by double ,/?-decay.
However, the half-life should be regarded as a lower limit, if it were confirmed in the future that • some nuclear processes other than double /?-decay had also been contributing to the excess 130 Xe. It may be necessary to say some more on the mineral age. If xenon loss from the tellurium ore should have been occurring during its life, the half-life estimated above would be an upper limit. The age As the temperature of the electric furnace was not elevated to a sufficient degree that all the gases occluded in the ores were extracted completely, the result for "sample I" is not included in the average. b) As large memory effect of xenon disturbed the precise isotope analyses for the xenon of "sample II", the result for "sample II" is also not included in the average. Tab. 1, but it is difficult to assign it entirely to 128 Te double /?-decay, since a small, persistent background in the mass spectrometer disturbed exact measurements at 128 Xe. However, if all the excess 128 Xe should come from the double /?-decay of 128 Te, a lower limit of the half-life is estimated to be 3 X 10 22 years by comparing the excess 128 Xe with the excess 130 Xe, and using the half-life of the 130 Te double /?-decay. It is shorter by about three orders of magnitude than the half-life predicted from the decay energy of 0.85 MeV 1 .
The excesses in other isotopes of xenon are shown in Fig. 3 in terms of <5m , the ratio of the excessive xenon to the contaminating atmospheric xenon, where <5m is defined by the following expression; <5m = 1000 {( m Xe/ 132 Xe) / ( m Xe/ 132 Xe) atm -1} .
It is to be noted that the values of <5m for light isotopes seem to be slightly larger than for heavy ones, 28 J. H. REYNOLDS, Phys. Rev. Letters 4, 8 [1960] .
and that the values for 130 Xe are remarkably larger. The tendency is similar to that of the well-known general anomalies in meteoritic 28 xenon where the values of <5m increase with decreasing mass number.
Further experiments are in preparation to confirm the results on the half-life of 130 Te and, if possible, on that of 128 Te also, and to ascertain such tendency of (5m as shown in Fig. 3 and Fig. 4 .
